A lithic assemblage is described from numerous localities on the shores of Lough Allen, part of the River Shannon system in Ireland. By macroscopic and microscopic comparison with locally collected rock, the vast majority of the 869 artefacts are determined to be worked from a type of silicified dolomite*a finegrained rock type with nearly isotropic fracture properties not previously recognised amongst Irish prehistoric lithic assemblages. The geological distribution of this type of silicified dolomite is restricted to Lough Allen and the upland and lowland areas west, north and east of the lake shore. It is demonstrated through typo-technological analysis that the vast majority of the artefacts are from the Later Mesolithic, forming the second largest Mesolithic surface collection, after Lough Gara, in the west of Ireland. The collection includes a small number of axe roughouts, the first to be recorded in a lakeside setting in Ireland. The analysis provides firm evidence for extensive Later Mesolithic activity in the Lough Allen area based mostly on locally available material.
Introduction
This paper presents the lithological and typo-technological analysis of a silicified dolomite-dominated surface collection from the post-drainage shoreline of Lough Allen, Ireland. The assemblage, dating primarily to the Later Mesolithic, is predominantly formed from locally derived silicified dolomite. This paper is the first detailed analysis to recognise an assemblage of such raw material in Ireland. The Mesolithic in Ireland is divided between the Early Mesolithic (c. 8000Ác. 7000/6500 cal. BC) and the Later Mesolithic (c. 7000/ 6500Ác. 4000 cal. BC), with the stone toolkit of Early Mesolithic communities characterised by a microlithic tradition as well as the use of cores, flakes, and ground and polished axes, while the Later Mesolithic witnessed a shift to a macrolithic tradition and the continued occurrence of stone axes (Costa et al. 2005; Woodman et al. 2006) . Some of the classic diagnostic artefact types from the Later Mesolithic are the butt/distally trimmed types, including the leafshaped Bann Flake. Other types include bar forms, blade points, Moynagh points, picks, borers and others that defy easy typological categorisation (Woodman 2003 (Woodman , 2005 . The Neolithic, beginning c. 4000 cal. BC (see discussion in Cooney et al. 2011) , saw the introduction of farming to Ireland, bringing with it different plants, animals, material culture and technology such as monumental architecture, pottery and stone toolkits (Cooney 2007) , and manufacturing techniques, including different projectile technologies, pressure flaking and bipolar knapping (Woodman et al. 2006) . While the general distribution of Irish Mesolithic evidence to date is seen primarily in coastal, riverine, lacustrine and wetland settings (Woodman 2003) , the Neolithic evidence is more widely dispersed in the landscape (Cooney 2000) , albeit with an unsurprising coastal emphasis given that Ireland is a small Atlantic island O'Sullivan and Breen 2007) , and also a continued use and inhabitation of rivers, lakes and wetlands (O'Sullivan 2007) .
Up until the end of the twentieth century, discussions regarding flaked stone-tool raw materials in Ireland were based primarily on flint, and secondarily on chert. This was due to the development of antiquarianism and archaeology on the island*the nineteenth-century explosion of lithic collecting in Ireland was primarily a northern Irish phenomenon, where the main sources of flint, especially in situ flint, lie (see Woodman et al. 2006) . While some researchers, especially Knowles (e.g. 1889 Knowles (e.g. , 1891 , noted a wide range of raw materials, for the most part discussions on the materials used for flaked stone were limited to flint or chert, and the northern flint deposits were seen as the major attractor for settlers to Ireland. Indeed, not only was flint seen as an attractor, but the lack of flint in the south of Ireland was seen as a reason for the perceived avoidance of the area during the Late Glacial period (see discussion in Driscoll 2009a) . With the discovery of numerous Mesolithic chert assemblages in the midlands in the early and mid-twentieth century providing evidence for the non-primacy of flint there, Woodman (2003) noted that it was, nevertheless, initially interpreted that these midland chert sites were simply an extension of the north-eastern Mesolithic flint, rather than as signatures of a valid settlement distribution in their own right. Woodman et al.'s (1999) publication of the Ferriter's Cove excavations emphasised that in terms of Killian Driscoll et al. with the west having relatively limited evidence for the Mesolithic (Driscoll 2006) . Archaeological material at both lakes was initially exposed by the artificial lowering of lake levels in the early twentieth century; the vast majority of lithics date to the Mesolithic but with a small proportion of later prehistoric evidence (Driscoll 2006) . The Lough Gara area has been more intensively researched than Lough Allen, with thousands of predominantly Later Mesolithic artefacts being collected (Driscoll 2006; Fredengren 2002;  FIG. 1*Shannon river system and sites mentioned in text.
Killian Driscoll et al. O'Sullivan 1998) . Raftery (see Waddell 2005 ) did a quick survey of Lough Allen while surveying Lough Gara, but does not appear to have examined the area in detail (O'Sullivan 1998) , and Lough Allen did not figure prominently in twentieth-century research, with only two of the six Lough Allen find-spots recorded in the National Museum of Ireland archives usually mentioned in the literature (e.g. Fredengren 2002; O'Sullivan 1998) .
The River Shannon has been described as a series of channels linking lakes (Brown et al. 2007) . Lough Allen, close to the northern source of the river, is the first large lake of the system; this upland lake is nestled between three separate high hill ranges to the north, east and west, with the river valleys running north-east and north-west. The southern end of the lake opens out onto the undulating central lowlands. Lough Allen's lake level was lowered in the early twentieth century and is now controlled within a range of a few metres. During the summer and drier periods throughout the year, this exposes a significant area of shoreline with submerged prehistoric woodlands visible at nearly all spots of the lake visited. Unfortunately, beyond the dating of prehistoric oaks presented below, no palaeoenvironmental work has been carried out in the area, and it is not clear how the lake levels differed during the Mesolithic.
For this project an in situ, submerged oak tree trunk from Derrintober, Co. Leitrim, was sampled (Fig. 2) . At the time of sampling, the lake was relatively low, with a few centimetres of the tree trunk above water, and with a further c. 50cm of tree visible below water. This sample was dated to 1303Á1091 cal. BC (UBA-16983, 2967926 BP) . During archaeological monitoring of bog three kilometres north-west of Lough Allen, a seven metre-long oak tree trunk was discovered and dated using dendrochronology to 4338Á4158 BC (Brown 2010; Timoney 2011, Fig. 2) . This tree was interpreted as coming from a former small lake bed or former river channel, with the oak showing signs of possible flood damage leading to its demise; it was surmised that the tree having fallen into the lake/river after its death, a waterway which was subsequently subsumed by peat formation (Brown 2010) . Therefore, this latter date provides evidence for an encroachment of bog a few kilometres to the north of the lake during the Later Mesolithic while the former date of the in situ oak highlights*without revealing how the lake level has fluctuated over the millennia previous to this date*that the lake level was much lower during the Bronze Age at least, with the distribution of Mesolithic artefacts on the exposed shoreline pointing to a lower lake level during the Later Mesolithic as well.
Methodology
The fieldwork consisted of two phases, totalling approximately 100 personhours. Phase 1 (2005/2006) consisted of visiting previous find-spots and subsequently extended to examining the stretches of the shore with no previous finds; only the shoreline itself was fieldwalked, with 457 artefacts collected, and a technological analysis and cursory lithological description outlined by Driscoll (2006 Driscoll ( , 2009b . Phase 2 (2010/2011) continued the shoreline survey and investigated in detail a large area of machine-disturbed top soil (which New materials, traditional practices occurred during scrub clearance) in a field by the lake at Mahanagh, Co. Leitrim, adjacent to the exit point of the River Shannon. This phase of fieldwork collected 412 artefacts.
The shoreline survey consisted of a random, ad hoc strategy, to quickly investigate the shoreline*not all of the shorelines walked were examined fully, because, in places, the summer water level exposes up to an additional width of 140m of shoreline from the winter level, making it impossible to survey these areas fully in the time available. The strategy in such places was to either crisscross an area to search both the lower and upper shoreline, or else to look for (1996) . The three shale formations shown in blue are all possible bedrock sources of the silicified dolomite used in the Lough Allen artefacts. The Dergvone Shale Formation is the most likely source because it is the only one to outcrop on the shore of Lough Allen, including Holly Island. The distribution of collection finds are marked as circles with townland names; the dendrodated oak from Drumkeeran is marked with a star, and the 14 C dated oak from Derrintober is marked with a cross.
patches that might hold material. This unsystematic approach is justified as a preliminary research guide for further more extensive and intensive survey work of the area. For the non-shoreline survey of exposed ground, all machine-dug areas were examined. For the shoreline survey, a scatter was considered to be two or more lithics within 10m of each other. This arbitrary definition of what constitutes a scatter is used to simplify the grouping of material, as opposed to implying a close spatial relationship between them.
Preliminary lithological identification of artefacts consisted of naked eye examination of each piece. A hand lens was used on a proportion of the finer-grained artefacts to determine their grain size and to identify the minerals they contain. A few artefacts were also examined under a binocular microscope, primarily to distinguish fine-grained from non-granular lithologies. Three unretouched artefacts found in widely spaced localities around Lough Allen were then selected for thin-section analysis under the petrological microscope: CO5:1:892 from Cormongon, Co. Leitrim, CO5:1:1267 from Drummans Lower, Co. Leitrim, and 2011:C1:93 from Mahanagh (see Fig. 2 ). One loose rock sample, macroscopically similar to most artefacts, was collected from Holly Island, thin-sectioned for petrological microscope examination and compared with the three thin-sectioned artefacts. The lithics were analysed macroscopically, using a standard technological descriptive system (Inizan et al. 1999) and an Irish typological system (Woodman et al. 2006) ; the axes were recorded using the Irish Stone Axe Project system (Cooney and Mandal 1998) .
Results

Lithology
The vast majority of the artefacts (95%) are made of a sedimentary rock, which may be described as silicified dolomite. Rock type identification is based on microscopic examination of the three thin-sectioned artefacts, backed up by macroscopic comparison of these three with the remaining artefacts. Loose rock collected at Mahanagh, which was thin-sectioned, is also silicified dolomite. The other artefacts are comprised of flint, chert and quartz, along with the shale/mudstone and basalt ground/polished axes (Table 1) .
Silicified dolomite
The silicified dolomite artefacts vary in grain size and external appearance. Examination with the naked eye, hand lens and binocular microscope reveals that they have grain sizes from B0.0625mm to 0.250mm, in some cases varying substantially within this range in a single artefact. Occasional artefacts are made, entirely or partly, of 0.25Á1.00mm particles. However, all have features in common, consistent with their derivation from the same geological unit: all show little size variation within a single bed; and the artefact grains are angular New materials, traditional practices to sub-rounded and consist mainly of grey quartz*much of it cementing together the other grains*with lesser cream or brown dolomite and minor muscovite and calcite. All tend to break with a subconchoidal fracture indicating that the grains are well-cemented together and isotropic, or nearly so, with respect to stress. Conchoidal fractures tend to be best developed in the finest-grained material.
Apart from the grain-size variation described above, the silicified dolomite used varies intrinsically from artefact to artefact by the presence or absence of:
. visible beds or laminae (millimetre-scale beds)*where visible, this is due to grain size variation between beds/laminae, often accentuated by weathering . rip-up clasts of finer-grained lithologies within coarser-grained beds . flakes of muscovite lying parallel to bedding planes . veinlets of quartz or limonite. Microscopic examination of the three thin-sectioned artefacts confirms that all are made of silicified dolomite (Pl. I). Given that these three were selected as typical examples of this lithology as used in the artefacts, we are confident that the overwhelming majority of artefacts in the Lough Allen assemblage are made of silicified dolomite.
Variable type and intensity of patination, due to chemical weathering, has created artefacts whose colour varies greatly. Unweathered silicified dolomite is usually dark grey, or dark brownish grey, to almost black. Weathered surfaces are generally paler, with a variation to medium and pale buff, and medium and pale grey. In some cases, deeper shades of yellow, brown and red probably result from oxidation of surface iron. Occasional artefacts are so weathered that the original rock type is uncertain. It is often not possible to determine whether the weathering occurred before or after working of the rock. However, weathering reactions are likely to weaken rock surfaces. Assuming that this is an undesirable attribute for the tools required, unweathered rocks are likely to have been used for toolmaking, implying that patination has been acquired since then. In some cases, patination is associated with rounding of tool edges, indicating that running water has physically worn down surfaces since tool formation. A field search for possible sources of silicified dolomite was carried out at the southern end of Lough Allen in November 2011, close to the discovery spot of the majority of artefacts at Mahanagh (Fig. 2) . On Holly Island, a small peninsula immediately east of the outflow of the River Shannon, blocks of rock up to Â0.5m diameter have been cleared to form a rough metre-high wall along its lake-facing west, north and east edges. Many of these blocks are macroscopically indistinguishable from those used to create the silicified dolomite artefacts described; others are coarser-grained. Slow effervescence with dilute hydrochloric acid confirms abundant dolomite in these rocks. Thinsection examination confirms that the rock is silicified dolomite that is texturally and mineralogically indistinguishable from the artefacts. Quartz has crystallised within original pore space between dolomite and other grains, hence the description of the rock as silicified dolomite (Pl. II). This geological Pl. I*Photomicrograph of artefact CO5:1:892 taken between crossed polars. The rock is a silicified dolomite in which fine-grained quartz has infilled pore space between rhombs of dolomite and other pre-existing minerals. Horizontal field of view is approximately 0.6mm. process of silicification, which effectively welds the pre-existing grains together, results in a hard rock with nearly isotropic fracture properties.
Other lithologies
The only other lithologies definitely recognised for the flaked-stone component were minor amounts of flint, chert and vein quartz. These all do not consist of separate grains, even under the microscope (though vein quartz consists of interlocking crystals). Flint is a subclass of chert, both being cryptocrystalline silica. In Irish archaeology, a general distinction is made between Cretaceous flint and Carboniferous chert (Woodman et al. 2006) . Artefacts were generally classed as flint if pale grey or brown and as chert if dark grey or black, though the subdivision into these two categories is not certain in every case. Chert is also difficult to distinguish from fine-grained varieties of the much commoner silicified dolomite previously described, but with a microscope the grains that distinguish silicified dolomite from chert are visible. Overall, 26 artefacts were classed as flint and thirteen as other forms of chert. One artefact, from Mahanagh, is a vein quartz cobble (2011:C1:203) and another (2011:C1:85 ) may be made of tuff, a volcanic rock, but it is equally possible that it is made of highly weathered silicified dolomite. A single artefact from Derrynadoey, Co. Roscommon, Pl. II*Photomicrograph of a thin section of a glacial boulder of silicified dolomite from Holly Island. The texture is identical to that in Plate I, with quartz infilling pore space between rhombs of dolomite and other pre-existing minerals. Horizontal field of view is approximately 0.6mm.
(C05:1:1202) may be made of rhyolite. It is a Â30mm long piece of pale buff rock in which grains cannot be discerned other than what appear to be a few millimetrescale quartz crystals. Alternatively, this might also be a pale variety of chert.
The lithology of the ground/polished axes has been identified by the Irish Stone Axe Project (ISAP 2006) . These are predominantly shale or mudstone, which together are the most common raw material for axes in the midlands and western Ireland, with over 3,000 examples from throughout Ireland (Cooney and Mandal 1998) . The only other axe material noted is basalt; a little over 300 basalt axes have been identified from around Ireland, most from the north-east, but with a number from north of Lough Allen in Co. Donegal, and around the southern part of the Shannon system (Cooney and Mandal 1998) .
Technology
Cores
The core component (n 0136) comprises 14% of the collection and is dominated by silicified dolomite platform cores ( Fig. 3) , with single platform cores commonest, followed by dual platform and multi-platform ( Table 2 ). The four non-silicified dolomite cores are all platform cores, including the one quartz artefact in the assemblage. The cores are a range of blade and flake cores varying greatly in size, especially the single and multi-platform cores, with the dual platform cores having the narrowest range of dimensions (Table 3 and Fig. 4) .
Overall, the cores are representative of Later Mesolithic lithic traditions. The majority of the single platform examples have flat platforms and planar working faces characterised by limited flake/blade removals; few cores were developed into cylindrical or conical forms but worked on one face of tabular/ blocky cores, sometimes extending to two faces. The majority of the dual New materials, traditional practices platform cores have similar simple platforms and planar working faces, but with the dual platform cores knapped from both ends of the core, while the dual alternate were also knapped transversely to the main platform. The majority of the multi-platform cores represent a continuation onto a third or sometimes a fourth platform and are on average larger and especially thicker than the other platform cores (Table 3 and Fig. 4 (Tables 2 and 3 ) may represent later prehistoric activity.
The distribution of cores follows that of the other material, but with a number of stretches lacking cores, and few from the River Shannon inflow in the north-east (Fig. 5) . A slightly higher concentration of the silicified dolomite cores came from Mahanagh and the eastern shoreline at Derrintober. Combined, cores account for 17% (n095) of these two areas' silicified dolomite flaked-stone artefacts, with silicified dolomite cores accounting for 14% from all areas. For the possible Early Mesolithic or Neolithic cores, three were found together at Cormongan, Co. Leitrim, with the other two from Derrynahinch, Co. Leitrim, and Derrinvorey Lower, Co. Leitrim, while all of the bipolar cores came from Mahanagh (except the previous Allen find E20:3824.21, unknown location). The four chert cores all came from Cornashamsoge, Co. Leitrim, while Drummans Lower contained one of the flint cores, with the other from Mahanagh, along with the one quartz core.
Debitage
The debitage comprises 624 flakes and 174 blades, of which 70% are fragments*11 of the blades and 13 of the flakes are flint and 8 of the flakes are chert, with the remainder silicified dolomite; almost half of the flint and 22% of the silicified dolomite are blades (Table 4) . 25% of the chert, 18% of the flint, and 15% of the silicified dolomite exhibit an exterior surface. Five of the silicified dolomite debitage showed evidence for the knapping of cobbles; it is unclear, however, whether the remainder represent the use of more tabular cobbles thus masking a more distinctive sub-rounded cobble surface or the quarrying of silicified dolomite. The low proportion of silicified dolomite with flakes are prepared, with most of the preparation relatively simple; one very large blade fragment exhibited a faceted platform, and of the 20 (complete and fragment) !90mm GD (greatest dimension) blades with complete platforms, 50% have prepared platforms. For the debitage terminations, the most common, especially for the blades, is feather termination, with a substantial component of plunging and hinge terminations (Table 5) .
There is a wide range of sizes with three broad subgroups of blades and blade-like flakes of 20Á45mm GD, 50Á75mm GD and !80mm GD (Fig. 6) , with the complete blades being relatively longer, narrower and thinner than the complete flakes (Table 6) . A reference line at a length/width ratio of 1.6:1 in Figure 7 highlights the proportion of blade-like flakes in the assemblage.
The debitage fragment component contains a small group of very large (i.e. !100mm GD) blades and flakes (Fig. 5 , Pl. III). With three !100mm GD complete blades, there are eleven !100mm GD blade fragments and a further thirteen ! 90mm blade fragments (distal/proximal missing fragments) that if complete would be over 100mm GD. The very large blade component accounts for 3% of the debitage, with 26% coming from Cormongan/Cornashamsoge (n07, 6% of its debitage), 15% from Drummans Lower (n 04, 5% of its debitage), and 11% from Derrintober (n 03, 28% of its debitage). Therefore, these three areas contain, proportionally, a significant amount of these blades, especially Derrintober. For the blades from Cormongan/Cornashamsoge and New materials, traditional practices Drummans Lower, however, collector bias may be affecting the distribution pattern of these very large blades, as 19% of them came from the previous finds, which only account for 11% of the overall collection, and these two areas contain the greatest quantity. For Derrintober, however, all the finds were collected in the recent fieldwork.
Modified artefacts*cores, debitage, and modified pieces
Taking the cores, debitage and modified pieces together, 31% (n 0 8) of the flint, 15% (n02) of the chert, and 10% (n 087) of the silicified dolomite are modified. The most common modified types are a diverse variety of edge retouched flakes and blades (Table 7) . After these, the most common type are the Later Mesolithic butt/distally trimmed forms, accounting for 13% of the modified types, followed by ground/polished axes (7%), axe roughouts (7%), and scrapers (6%). The modified blades' median dimensions are shorter, wider and thinner (Table 8) , highlighting the numerous non-modified very large blades (Table 5) . Proportionally, slightly more flakes (11%) are modified compared to blades (10%); for the butt/distally trimmed types, a far greater proportion of modifications are on blades, with two Bann Flake butt-trimmed types*one a flint fragment (proximal left missing, Fig. 8: 968 ) and the other a complete silicified dolomite example. In total, there are fifteen butt/distally trimmed types of which two are flint (none complete) and thirteen are silicified dolomite (seven complete) (Fig. 8) . The distally trimmed forms are more generally on blades and are larger than the butt-trimmed forms ( Table 9 ). The fragment of a silicified dolomite bar form, the chert pick ( Fig. 3:1229) , and the silicified dolomite borer fragment ( Fig. 8: 397 ) are also typical of Later Mesolithic types, with Woodman et al. (1999) noting that the bar forms are more common on inland sites than coastal. The butt/distally trimmed types, and the pick, bar form, and borer follow a similar distribution pattern to the other modified types, with little discernible distinction in distribution; however, a slight distinction on Holly Island is that these types were all found close to the shoreline, while other edge retouched tools were found on the hill (Fig. 5) .
The seven scrapers (five silicified dolomite, two flint) are all formed on flakes and all but one are fragments. Concave scrapers account for three silicified dolomites (Fig. 8: 1056 ) and one flint, with one flint and one silicified dolomite convex end-scraper, and one large silicified dolomite flake-scraper. While the concave scrapers and the flint convex end-scraper are diagnostically Neolithic, the silicified dolomite convex end-scraper and flake-scraper are not and may be examples of Mesolithic scrapers. Scrapers are usually infrequent in Mesolithic assemblages and do not present with a classic type, but rather have been categorised as 'crude scrapers' (Woodman et al. 1999 )*the silicified dolomite convex and flake scrapers would fall into a general 'crude scraper' category. These latter two scrapers are from Holly Island, and follow the shoreline tendency of the previously mentioned types, similarly to the three silicified dolomite concave scrapers from Holly Island; the two flint scrapers both come from the Cormongan/Cornashamsoge shoreline (Fig. 5) .
The bulk of the modified types are a diverse range of edge retouched flakes, blades, cores and worked/modified pieces; edge-retouched flakes dominate with some examples of notched pieces and flakes retouched to points. They cover a wide size range from the smallest to amongst the largest of the modified types, with a median size smaller than the other modified types (Table 9 and Fig. 8) . The three retouched cores, resembling picks or borers, are all silicified dolomite from Holly IslandÁtwo large cores have bifacial, rectilinear, semi-abrupt retouch along one edge, with the third, mid-sized core, having convex, abrupt retouch along one edge.
Of the 43 silicified dolomite retouched flakes, 24 are fragments and are a mix of distal or lateral retouched flakes with semi-abrupt, rectilinear or convex retouch mainly with direct retouch; one is retouched to a point with inverse retouch; five of these have secondary areas of retouch including one with notched retouch. The nineteen complete examples are dominated by semiabrupt or abrupt, direct retouch on the distal edge, with a quarter having lateral edge retouch; one complete flake is bifacially retouched to a point. A third of these nineteen have two or more areas of retouch*one of these is a large flake retouched to a point with semi-abrupt, direct retouch with secondary low, direct retouch on the lateral left edge; another has irregular, direct, abrupt lateral edge retouch with secondary retouch forming an L-shape. Another two examples of L-shaped retouch are present*both are on large silicified dolomite blade Pl. III**Selection of very large silicified dolomite blades. fragments ( Fig. 8: 1165 ). The remaining retouched blades (four fragments and one complete) are large, lateral edge retouched blades apart from the complete example which is a mid-sized flake with abrupt, distal retouch. Of the silicified dolomite modified pieces, one is very large (L 288mm), with semi-abrupt retouch on the lateral edges, retouched to a point, with a rounded, trimmed distal end; another has abrupt, rectilinear retouch and secondary notched retouch. The flint from this retouched grouping comprises a large flint retouched blade-like flake (Fig. 8: 241 ) from Holly Island, which closely resembles a Mesolithic distally trimmed flake, but has a cortex covered hinge termination rather than terminating in a point *Woodman et al. (2006) note that Mesolithic types terminate in a point (Fig. 8: 968) . The remaining modified flints include a mid-sized but thin flake retouched to a point with direct, semi-abrupt retouch; a flake with bifacial retouch, which may be an arrowhead roughout from Kilgarrif, Co. Leitrim; and a small flake with direct, low retouch on the proximal edge. There is one chert from this grouping*a large flake fragment with direct, semi-abrupt, rectilinear retouch on the distal end.
Modified artefacts*axeheads and related artefacts
The axe and axe-related component comprises eighteen artefacts: six axes and twelve probable or possible roughouts (Table 1, Pl. IV). Of the six ground/ polished axes (Table 10) , two are from near Tully, Co. Leitrim, on the Shannon, two are from south-east of Lough Allen, with those from the lake itself from the north-east around Drummans Lower, and the eastern shore at Derrintober, with the silicified dolomite flake axe from Cormongan (Fig. 5) . Two are adze/ axes, with the basalt example having a polished blade. One blade-missing axe fragment is extensively ground with a slight hint of polish on one face. This axe has been heavily re-flaked along one side and may have been intentionally broken. Surface damage suggests possible burning and remnant flake scars, that appear older than those of the reworking episode, may relate to manufacture or hafting. The blade-only fragment's cutting edge shows only minor abrasion and the artefact is water-rolled suggesting the breakage is not recent. Eight artefacts are probable roughouts for stone axes with a further four possible roughouts: four are adze-like, three are axe-like and five are indeterminable. An alternative interpretation might be that these artefacts are Mesolithic core axes, however this seems unlikely due to the lack of a cutting edge formed by a transverse flake removal (see Woodman et al. 2006) , and so these are interpreted here as roughouts. The roughouts are broadly symmetrical in plan, many with roughly parallel sides, and vary from plano-convex to triangular in cross section. The axe-like roughouts display symmetrical profiles whilst the adzelike roughouts are asymmetrical in profile. Of the eight probable roughouts, three are broken. Two are missing their blade areas, possibly relating to breakages during manufacture, and the third is a refit of a recent break along the artefact's long axis into two pieces that were found directly beside each other.
The roughouts represent the first recorded, by the ISAP, as found in a lakeside context in Ireland, with most previously provenanced examples coming from axe quarry sites (Cooney and Mandal 1998) . Derrintober contains a large proportion of the roughouts, with Mahanagh accounting for 63% (n 05) of them, with one other from slightly south of Derrintober and the remaining two from Cormongan. The possible roughouts follow a similar pattern, apart from one on the west shoreline at Curraghs South, Co. Leitrim.
Due to the fine-grained nature of the raw materials in the assemblage, it is unsurprising that the dominant identifiable method of primary manufacture is flaking. No episodes of grinding are evident on the roughouts, suggesting that these have been abandoned prior to final working. Given the heavily worked and water-rolled nature of some of the axes it is difficult to determine whether the axe is being manufactured by primarily working a piece of stone, working a flake or grinding a suitable cobble. However, the three ground axes from the latest collection appear to have been manufactured by grinding cobbles with one possibly having been flaked prior to being ground. The morphology of five of the roughouts suggests they may have been manufactured on flakes with the remainder indeterminable. Ground/polished axes are present in the archaeological record from the Early Mesolithic (Collins and Coyne 2003) to the Bronze Age and this collection of axes cannot be assigned to a particular period of prehistory. The materials seem locally procured and relate closely to those used in the production of the flaked-stone component. A suite of manufacturing processes is evident within the axe assemblage from flaking to grinding with some evidence for interplay between these. These axes have complex histories, some being abandoned before being finished while others were intentionally reworked. It is possible that these axes relate to local traditions of axe manufacture over a short timescale or they could be separated by thousands of years.
Discussion
Stone axes are some of the most distinctive artefact forms from Irish prehistory; they allow examination of one class of artefact across a great span of time and changing cultural contexts. The stone axes and stone axe roughouts at Lough Allen point to aspects of stone-working that are akin to, and different from, those in the flaked stone silicified dolomite assemblage. While it is impossible to prove contemporaneity with the flaked-stone assemblage the possibility exists that at least some of these stone axes and roughouts are Late Mesolithic in date. The stone axes and roughouts are manufactured on a range of materials, likely to have been locally sourced, and using a range of techniques. Some of these techniques, such as flaking, are familiar from the broader Lough Allen assemblage while others such as grinding were particular to the axes. There is care and attention, with some axes clearly having been repaired. The collection is notable for being the first collection with roughouts recorded as discovered in a lakeside context. These roughouts demonstrate likely onsite manufacturing of stone axes and illustrate the character of the local taskscapes of stone-axe production. The stone axes point to activity around Lough Allen, possibly across changing timescales, and the use of local resources in a variety of skilled endeavours.
While there is an inevitable ambiguity with the dating of the stone axes, the flaked stone assemblage can be more clearly identified as representative of Later Mesolithic activity around the lake*the majority of the platform cores are characteristic of Later Mesolithic lithic traditions from Ireland worked on a range of materials such as flint in the north-east (Woodman and Johnson 1996) , chert in the midlands at Corralanna ), 'greenstone' in the south-west at Ferriter's Cove (Woodman et al. 1999) , and quartz in the northwest at Belderrig (Driscoll 2010) . These cores were knapped by the Mesolithic communities, producing a range of diagnostic Later Mesolithic tool types including butt/distally trimmed types, picks, bar forms, borers, possibly some scrapers, and a range of edge retouched lithics. In addition, an important*if analytically difficult*point to raise is that along with the retouched component of the assemblage, the range of unretouched blades and flakes invariably include tools as well, and they cannot all be discounted as mere debitage. A considerable corpus of work, especially use wear analysis over the last thirty years as well as ethnographic research, has shown that the restrictive view of a New materials, traditional practices stone tool being a tool only if it is retouched can no longer be a valid interpretation of prehistoric activity (for examples of unretouched artefacts shown to have been used as tools see examples in Man 1883; White and Thomas 1972; Hayden 1979; Flenniken 1981; Symens 1986; Knutsson 1988; Odell 1994; Banks 1996; Kozlowski et al. 1996; Read and Russell 1996; Finlayson and McCartney 1998; Briels 2004; Hardy 2004; Setzer 2004; Shott and Sillitoe 2005; Akerman 2006 ). Therefore, amongst the hundreds of unretouched blades and flakes in the assemblage there are further examples of stone tools sensu stricto.
With only rare evidence for bipolar knapping in the Irish Mesolithic, the small silicified dolomite bipolar and bipolar on platform cores may represent post-Mesolithic activity. Silicified dolomite cores were almost invariably knapped along bedding planes where they are visible, thus taking advantage of the fracture mechanics of the raw material. Therefore, while the morphology and metrics of the cores and the resultant debitage are similar to those worked during the Mesolithic on flint in the north-east and on chert in the midlands, at Lough Allen technical know-how was adapted to the raw material at hand. Warren et al. (2009) analysed a Later Mesolithic 'festoon' chert-based surface collection from the midlands at Corralanna, c. 70km south-east of Lough Allen (the 'festoon' chert is technically a silicified limestone); they noted that despite the perception of midlands Later Mesolithic chert assemblages being characterised by large pieces, the mean size of the blades and flakes was 'smaller than some stereotypes might suggest'. In comparing their data with that from Bay Farm*a flint-dominated Later Mesolithic site from the Antrim coast Johnson 1996)*Warren et al. (2009) noted that the Corralanna material is slightly smaller than the lower range from Bay Farm (Table 11) . Table 11 omits B30mm debitage and non-silicified dolomite from Lough Allen, highlighting that the mean length falls between the Corralanna and Bay Farm assemblages' mean. Overall, however, what is striking is that the three assemblages present a broadly consistent production of blades and flakes with a mean length variation of only a matter of millimetres, on three different raw materials, from three geographical locations, and presumably produced by three different communities. To take one post-Mesolithic example to highlight the differences with the Mesolithic, in a Neolithic/Bronze Age chert surface collection from Ballynacourty, Co. Galway, the median length for non-bipolar blades (n05) was 44mm and 27mm for non-bipolar flakes (n0156) ; excluding the B30mm debitage, the mean length for blades and flakes is 38.2mm (Table 11 )*the one definitive example of a Later Mesolithic type in this assemblage is a large (L 140mm, W 33mm, T 14mm) retouched blade point .
As noted, the silicified dolomite assemblage contains a number of examples of very large blades. While examples of !100mm Later Mesolithic blades are found in assemblages such as at Corralanna (Warren et al. 2009), Bay Farm (Woodman and Johnson 1996) and Ballynacourty , at the excavated lakeside site at Clowanstown, the majority of !100mm blades came from Neolithic contexts rather than Later Mesolithic contexts (Warren 2009), with the Neolithic coastal site of Mad Man's Window also including such blades (Woodman 1992) . Based on the stratigraphy from Clowanstown, Warren (2009) suggests that these very large blades in Mesolithic contexts may be associated with the MesolithicÁNeolithic transition in Ireland. For the present Lough Allen surface scatter of silicified dolomite artefacts, it is unclear what chronology these very large blades represent*the assemblage overall contains few diagnostic post-Mesolithic artefacts, but this does not necessarily rule out post-Mesolithic knapping and activity, including the deposition of unretouched artefacts around the lake. What is clear, however, regardless of the chronology of the assemblage, is that the lithics represent the prehistoric communities' utilisation of locally sourced silicified dolomite for their stone toolkit.
Silicified dolomite is a sedimentary rock that has been altered geologically by the precipitation of quartz in the pore space between dolomite and the other minerals present. Whilst dolomite is a soft mineral, the precipitated quartz is hard and its even distribution leads to a rock with fracture properties that are more nearly isotropic with respect to applied stress direction than are most sedimentary rocks.
On the shore of the northern tip of Holly Island where silicified dolomite was collected for thin-sectioning, a two-metre high pile of similar blocks rests on a possible outcrop of the same material, suggesting that these rocks outcrop more extensively just below the level of the lake. As noted in the introduction, based on the Bronze Age date returned from the dating of the in situ submerged oak tree trunk, and the distribution of earlier prehistoric materials, it is posited that the lake level was lower during at least some periods of prehistory.
Bedrock at Holly Island is assigned by the Geological Survey of Ireland to the Dergvone Shale Formation (MacDermot et al. 1996) . The Dergvone Shale Formation forms the western shore of Lough Allen from Holly Island northwards to Mullaghfadda, Co. Leitrim (Fig. 2) . It consists of a sequence of mudstones, sandstones and evaporites deposited during the Namurian (midCarboniferous). Two other local rock formations are lithologically similar, the overlying Gowlaun Shale Formation and the Bencroy Shale Formation, which between them occupy much of the high ground west, east and north of Lough Allen. All of the three formations, and the interbedded sandstones, are of Namurian (mid-Carboniferous) age and constitute an outlier in a region of mainly older rocks. These sedimentary rock formations have been studied in the field, firstly, to interpret the geological environments in which they were deposited and secondly to establish their continuity for geological mapping purposes (Brandon and Hodson 1984; MacDermot et al. 1996) . However, the properties that affect their utility for toolmaking have not been explicitly studied. The most critical features are their isotropic hardness and brittleness, which result from their silicification, a process in which silica is redistributed by a hydrothermal fluid after the rock was deposited as a sediment. It is not known whether this process affected only the rocks in the Mahanagh area, or was widespread in the Dergvone Shale Formation, or whether it also affected the lithologically similar overlying Gowlaun and Bencroy Shale Formations. A clue lies in use of the term 'tough' to describe some beds within these three formations (Brandon and Hodson 1984) , suggesting that rocks with similar properties to those at Holly Island are widespread within all three shale formations. An upper limit to the geographical extent of silicified dolomite in bedrock can therefore be defined as the area underlain by the Dergvone, Gowlaun and Bencroy Shale Formations. This area includes the south-western shoreline of Lough Allen and substantial parts of the mountains Slieve Anierin and Bencroy, Co. Leitrim, to the east, Boleybrack, Co. Leitrim, to the north and Kilronan, Co. Roscommon, and Seltanasaggart, Co. Roscommon, to the west. Whereas occasional boulders will have been carried further afield by glaciers, substantial quantities of silicified dolomite are very unlikely to occur outside this area, which stretches for a maximum of 15km west, north and east from the shores of Lough Allen.
Beyond the area around Lough Allen, the only other place in Ireland where Namurian rocks of broadly similar lithology occur is in several small outliers across north Co. Dublin, Co. Meath and the Kingscourt area of Co. Cavan. The rock succession in the Kingscourt outlier was described in detail by Jackson (1965) and in the Dublin outlier by Smyth (1950) . They include shale formations with some similarities to those of the Lough Allen outlier, but they do not appear to include tough, silicified dolomitic rocks. Consequently it is unlikely that silicified dolomites with appropriate properties for making tools occur anywhere in Ireland outside the Lough Allen outlier.
The fine-grained, often microscopic, nature of the silicified dolomite used in the Lough Allen artefacts has undoubtedly militated against its recognition in stone artefacts. Very fine-grained examples may easily be mistaken for chert, whereas those composed of particles visible to the naked eye or under a hand lens closely resemble siltstone or shale (as was the case during the initial analysis of the present assemblage, see Driscoll 2009a Driscoll , 2009b . Although superficially highly variable in colour due to weathering and water rolling, and somewhat intrinsically variable in grain size, the overwhelming majority of artefacts are made from fine-grained varieties of silicified dolomite.
Compared to the range of rocks available as boulders, and possibly in outcrop, at Holly Island, the prehistoric communities used the finer-grained types of silicified dolomite, presumably because they have the most isotropic hardness and could be worked to sharper points and edges.
In terms of the other materials collected, Cretaceous flint is found in situ in the Ulster White Limestone Formation, north-east Ireland, and in secondary and tertiary contexts in the till and as beach flint, especially along the east coast. Chert is widely distributed geographically and stratigraphically in Lower Carboniferous limestones, which form the bedrock in most of the midlands, extending to the coast in the east, south-west and north-west. Flint, chert, vein quartz, rhyolite and tuff could all occur in glacial till deposited in the Lough Allen area. Given the very small number of artefacts made of these materials, it is possible that the toolmakers acquired them all locally. However, the few flint cores (n 02, 8% of flint total), high proportion of modified artefacts (n 08, 31% of flint total), and the large size of many of the flint pieces, suggest that these flint artefacts were imported from further afield*no unworked flint was noted during the fieldwalking. In contrast, the chert contains a very high proportion of cores (n 04, 31% of chert total), all found within metres of each other, with in total 9 of the 13 chert artefacts found along the same stretch of shore at Cormongan and Cornashamsoge (Fig. 2) .
Conclusion
The Lough Allen lithic assemblage described has been shown to be primarily of Later Mesolithic age, based on a detailed typo-technological analysis of the 869 known artefacts. The collection includes a variety of cores and debitage, much of it modified for specific uses, along with a small number of ground/polished axes and axe roughouts, the last being the first to be recorded by the ISAP in a lakeside setting in Ireland. Numerically, it is second only to that of Lough Gara amongst Mesolithic surface collections from the west of Ireland. This assemblage therefore affirms the integral role that the Shannon system played in the lives of the Mesolithic communities in that region.
The vast majority of artefacts are made of silicified dolomite. This lithology, of mid-Carboniferous age, occurs at the southern end of Lough Allen as glacial erratic boulders and possibly as bedrock. The boulders include finegrained varieties similar to those worked, as well as coarser varieties, which would not readily be workable to sharp edges or points. The exact geographic extent of silicified dolomite in bedrock is unknown, but in the Lough Allen outlier it does not occur more than 15km to the west, north and east of the shores of Lough Allen, and not at all to the south. It is unlikely that it occurs elsewhere in Ireland in bedrock. We conclude that the Mesolithic communities selected the vast majority of their materials carefully from locally available sources. Blades and flakes were nearly always knapped along the bedding planes, demonstrating an intimate knowledge of the slight anisotropy of fracture response in the materials worked.
Silicified dolomite has not been previously recognised in Irish prehistoric lithic assemblages. However, given that many of these artefacts can New materials, traditional practices superficially appear to be chert or siltstone, depending on grain size, it may well be that other assemblages contain silicified dolomite, but without detailed examination they have been misidentified: in discussing the 'festoon' chert from the midlands (see above) Warren et al. (2009) note that archaeological understandings of the prehistoric sourcing and utilisation of lithic raw materials in the midlands such as chert and silicified rocks are limited and embryonic. As with the Later Mesolithic 'festoon' chert assemblage from Corralanna, the vast majority of the Lough Allen lithics are formed on locally derived materials, with the prehistoric communities showing an intimate knowledge of the fracture mechanics of the material. While utilising different raw materials, the communities at Lough Allen, Corralanna and Bay Farm have been shown to have produced a broadly consistent collection of blades and flakes in terms of mean length. At these three locales, the assemblages also contain some nonlocal material, hinting at networks of movement and exchange.
